Plasticity at the neuronal level commonly involves use-dependent changes in strength of particular synaptic pathways or regulation M E T H O D S of postsynaptic properties by modulatory transmitters. Here we analyze a novel form of short-term plasticity mediated by useTransverse sections, 1-2 mm thick, of the lumbar spinal cord dependent facilitation of postsynaptic responsiveness. Using cur-were obtained from turtles (Pseudemys scripta elegans) deeply rent-and voltage-clamp recordings, we found that all spinal ventral anesthetized by mebumal (¢100 mg/kg) injected intraperitonally horn neurons able to generate plateau potentials showed depolariza- (Hounsgaard et al. 1988 ). The bath medium contained (in mM) tion-induced facilitation of the underlying inward current. Facilita-120 NaCl, 5 KCl, 15 NaHCO 3 , 20 glucose, 2 MgCl 2 , and 3CaCl 2 . tion was noticeable when the neurons were depolarized to more The liquid level was õ0.2 mm above slice surface. Sharp and than 050 mV at intervals õ4 s. When stimulation with fast triangu-patch electrodes were pulled from borosilicate glass tubes with an lar voltage ramps was used, the inward current activated at a less outer diameter of 1.5 mm and an inner diameter of 0.86 mm. Sharp depolarized potential during the second ramp. The inward current electrodes were filled with 1.5 M KCl and 0.5 M potassium acetate. and facilitation was eliminated by nifedipine, a selective antagonist Patch electrodes were filled with 125 mM potassium gluconate and of L-type calcium channels. Depolarization-induced facilitation of 9 mM N-2-hydroxyethylpiperazine-N-2-ethanesulfonic acid. low-voltage-activated L-type calcium channels is suggested to be Voltage clamp was performed with an Axoclamp 2A amplifier the underlying mechanism. It is noted that facilitation occurs on a in discontinuous single-electrode voltage-clamp mode. The gain time scale compatible with a role in phasic motor activity.
ranged from 0.7 to 3 and the sample rate from 6 to 9 kHz. For voltage-ramp clamp, the recorded currents and potentials were low-pass filtered at 0.1 kHz and digitized at 0.8 kHz. in channel state induced and maintained by a change in Drugs used were tetrodotoxin (2 mM), cis-({)-1-aminocyclomembrane potential. The depolarization-induced facilitation pentane-1,3-dicarboxylic acid (ACPD, 20 mM), muscarine (25 of calcium channels described in many cell types (Dolphin mM), atropine (1 mM), CoCl 2 (2 mM), nifedipine (20 mM), tetra-1996) is of particular interest in neurons as a possible media-ethylammonium (0.2-1 mM), and apamin (1 mM). tor of a novel form of use-dependent postsynaptic plasticity.
Here we show that the contribution of plateau potentials R E S U L T S to synaptic integration in motoneurons and ventral horn interneurons depends on depolarization-induced facilitation.
We tested for depolarization-induced facilitation in interneurons and motoneurons in the ventral horn. Neurons withWe have found that all motoneurons and interneurons able to generate plateaus show depolarization-induced facilitation out plateau properties did not show facilitation. Facilitation was present in all interneurons showing plateaus (Fig. 1A , of the inward current underlying plateau potentials. Depolarization-induced facilitation of dihydropyridine-sensitive pla-n Å 15 of 30, 6 sharp and 24 whole cell recordings) and in all motoneurons in which plateau properties were induced teau potentials was previously shown to mediate the windup in dorsal horn neurons (Morisset and Nagy 1996; Russo and or enhanced by application of ACPD, muscarine, or tetraethylammonium and apamin (n Å 40 of 46, 35 sharp and 11 . Our analysis suggests that facilitation of L-type calcium channels is the underlying mechanism. whole cell recordings). As illustrated in Fig. 1B , the neurons displayed windup of the response to current pulses repeated The time scale of facilitation is much longer than the duration of synaptic potentials but is compatible with a role in at intervals õ4 s. After elimination of sodium spikes with tetrodotoxin, the facilitation of the response persisted and phasic motor behavior. In the turtle, this is supported by the finding that the facilitation required for induction of the could lead to full activation of the plateau potential (Fig.  1C) . The properties of the inward current were further invesscratch reflex occurs at stimulus intervals õ5 s (Currie and (Hounsgaard and Kjaerulff 1992; Ruigrok et al. 1984) . Distal dendrites of turtle motoneurons possess Ltype calcium channels (Hounsgaard and Kiehn 1993) . These distal channels could be persistently active in weakly clamped dendrites during a train of short depolarizations causing facilitated activation of the proximal L-type channels. However, the electrotonic length of dendrites in motoneurons and ventral interneurons is moderate, Ç1 l (G. Svirskis, A. Baginskas, J. Hounsgaard, and A. Gutman, unpublished data) . Also, responses generated by distal dendritic currents are sensitive to changes in bias current at the tigated in voltage-clamp experiments. The response to slow triangular voltage ramps showed clockwise hysteresis, reflecting the slow kinetics of the inward current (Fig. 2 A) (for details see G. Svirskis and J. Hounsgaard, unpublished data). We were unable to obtain stationary current voltage characteristics without hysteresis even with ramps lasting ú10 s. This suggested that slow changes in inward current were activated during the voltage ramp depolarization. When the potential was stepped to a level of depolarization close to the threshold for plateau potentials, activation lasted several hundred milliseconds and was voltage sensitive (Fig. 2B) . Consistent with the facilitation observed in current-clamp recordings, the inward current during a step depolarization to more than 050 mV increased when the step was repeated (Fig. 2C) . Facilitation was also observed in response to triangular voltage ramps lasting õ500 ms. The inward current was activated earlier and was larger during the second voltage ramp (Figs. 2D and 3A) .
Plateau potentials in interneurons and motoneurons are due to a low-threshold L-type calcium current (Hounsgaard and Kiehn 1993; Hounsgaard and Kjaerulff 1992) . The voltage-dependent inward current and facilitation was eliminated We have shown that all ventral horn neurons able to gener-apamin. In A and D, the solid horizontal line indicates the 0 current value.
Arrows: direction of the potential change.
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